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Summary ot /
‘ \The goal of this research is to produce quantum limited SIS
quasiparticle heterodyne receivers at submillimeter wavelengths.
The approach is to compare the performance of wavgguide and planar
lithographed quasi-optical SIS mixers in W-band (KJSmm) in order
to understand the factors which degrade the performance of the
latter. This information will be used to optimize the planar
quasi-optical mixers. Finally, these optimized designs will be
scaled to submillimeter wavelengths. Systematic tests of both
types of mixers have been carried out during the second grant
year. Improved designs of planar quasi-optical mixers have been
designed and fabricated. The construction of test apparatus for

submillimeter wavelengths has begun.

.
P

Statement of Work

Tests have been carried out on a W-band waveguide mixer block
which can be tuned from 2.7 - 3.7mm (80-100 GHz) with a single

mechanical adjustment. This mixer has an instantineous handwidth

~

ot

~3GHz and uses an IF transformer with high input impedance
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345. 5C0 - T0C0Q ). When used witn Zx2{aum,* Pb-bazed junctions from
ot

RN B3 Bouldsr this mixer gave a DS3 gain of 2-i2 GE, wnicn i3 tne

b s . . ~e : .

A nignest ever seen in an SIS mixer. It also gave mixer noise

\;n

ui- temperatures of Tm (DSB) orf 6-i5K, wnich are the lowest yet
4;1'.. ' ) ) ‘ '

~j obgervad at these freguencies. Preparaticns nave been maie to
{

Vg ) o~ oo : v ) " ) e
1N test Ta - based junctions from Yale in this mixer block. These
W = .

e

I3
! Ij should give significantly lower mixer noise.
D)
ol A new guasi-optical test apparatus has been used to evaluate
: e several types of planar lithographed mixer with bow-tie antennas.
D .

73,08 The integrated structures were fabricated at NBS Boulder using
[} 4

3 i . . . . :
Yt Pb-based and Nb-based junction technologies. They included

e mixers made with a single junction, a single junction tuned with a
t:ﬁ microstrip stub, series arrays of 5 junctions, and series arrays
gﬁ'
Al of 5 junctions tuned with a parallel wire inductor. In all cases
\

‘:x the measured coupling coefficient and the bandwidth agreed well

W,

o

W, . . : . . .

2{ Wwith calculations based on simple equivalent circuits models and
as
‘3 on the nominal parameters of the structures. Measurements were
) . . o .

A made of mixer gain and noise and comparisons were made to the
. ”'n'
D . . . .

N performance of waveguide mixers with similar types of junction.
-

These comparisons indicate that there is a 6-7 dB loss between the
l.'
hﬂﬂ cryostat window anu the terminals of the bow-tie antenna. When

corrected for this loss, the gains of the bow-tie mixers were

"t ! _
d comparable t0 the waveguide mixers, but the noiszas were nigner by ) F]
LT ! 0]
v

- fictors of 3-6. Preparations are being made {or improvearm-nts in o~
¢-¢ the cptical system and for the use of log-periodic antonnas to L eeaees
e
AN reduce the antenna loss. The reasons for the excess noise are Tt
: vl las
oLy . i . coTrTe s
ol being investigated. O or
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Mizrowave Amplifiers and Mixers, Int. J. Infrared and Millimerter

Waves 7, 3543 (1986

D. W. Face, D. E. Prober, W. R. McGrath, anc ?. L. Richards, Hign
<uality Tantalum Superconducting Tunnel Junctions for Microwave “ixing

in the Quantum Limit, Applied Phys. Lett. 48, 1093 (1986).

D. G. Crété, W. R. McGrath, P. L. Ricnards, and F. L. Lloya, Performance
of Arrays of SIS Junctions in Heterodyne Mixers, IEEE Trans. Microwave
Theory Tech. MTT-35, 435 (1937).

el

. L. Ricnards, D. G. Crété, Li Xizhi, W. R. McGrath, D. W. Face,

. Proper, and F. L. Lloyd, Advances in SIS Quasiparticle Mixers, 1986
Appiled 3uperconauctivity Conference Abstract, IEEE Trans. Magn. (to be
pudlisned;.

o

. V. Riisinen, D. G. Crété, P. L. Richards, and F. L. Lloyd, Low Noise
313 Mixer with Gain for 80-115 GHz, European Space Agency Workshop Proc.
SA JP-2nU0, 255 (19886).

A. V. R4isinen, D. G. Crété, P. L. Richards, and F. L. Lloyd, Wide-Band
Jltra Low Noise mm-Wave Mixers with a Single Tuning Element, 16th
European Miarowave Conf. Proc. p. 252 (1986).

#. K. Mcurath, P, L. Richards, D. W. Face, D. E. Prober, and F. L.
Ll)yd, PerAerqnce of mm-Wave SIS Mixers Employing Pb-Alloy and Ta/PbBi
Tuannel Junctions, (to be published).

. Y. Ri inen, D. G. Crété, P. L. Ricnards, and F. L. Lloyd, Wide-3and,
oW Nolse MM-Jave SIS Mixers with a Single Tuning Element, Int. J.
Infrared ang Millimeter waves 7(12), 1835 (19386).

v Rﬁisanen. 2. G. Crl%é, P. L. Richards, and F. L. Lloyd, A 100 GHz
S par icle Mixer with 10 dB Coupled Gain, IEEE MTT-S Digest,

D. W. Face, W. R. McGrath, P. L. Richards, and D. E. Prober, Accurate
Zxgerimental and Theoretical Comparison Between Superconducting Mixers
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P, L. Ricnarcs, Pregres:s in the Tevelccment of 315 Juasisgarticle
Mixersz, Appliea Superccnductivity Conference, Bzltinore, Marylancg,
3,22 - 10/3/3¢,

P. L. Richards, Superconductive Mixers, Air Force Applicaticns of
Cryoelectronics, Dayton, Chio, Octover 30, 1986.

P. L. Ricnards, SIS Quasiparticle Mixers, Joint Services
Electronics Programs Review, Berkeley, November 5, 1986.

P. L. Richards, RF Impedance Matching Structures for Planar SIS
Mixers, Submillimeter {(Terahertz) Receiver Technology Conference,
Lake Arrowhead, Calif., April 7-8, 1987.

P. L. Richards, Superconducting Detectors, Seminar at Santa
Barbara Research Center, Goleta, Calif., May 28, 1987,

Contributed Talks

A. V. Riisdnen, D. G. Crété P. L. Richards, and F. L. Lloyd,
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Element, 16th European Microwave Conference, Dublin, Ireland, 8-12
September 1986.

G.-J. Cui, D. W. Face, E. K. Track, D. E. Prober, A. V.
Riisdnen, D. G. Crété, and P. L. Richards, High Quality Ta/PbBi
Tunnel Junctions for 85-110 GHz SIS Mixer Experiments, Applied
Superconductivity conference, Baltimore, Maryland, 9/28-10/3/86.

D. G. Crété, A. V. RiisiAnen, W. R. McGrath, P. L. Richards, and
F. L. Lloyd, Low-Noise 80-115 GHz SIS Mixers with a Single Tuning
Element, 11th Int. Conf. on Infrared and mm-waves, Pisa, Italy,
20-24 October 1986.

W. R. McGrath, P. L. Richards, D. W. Face, D. E. Prober, and F.
L. Lloyd, Performance of mm-Wave SIS Mixers Employing Pb-Alloy and
Ta/PbBi Tunnel Junctions, Pisa, Italy, 20-24 Qctober 19806.

A. V. Riisinen, D. G. Crdtd, P. L. Richards, and F. L. L1
167 GHz SIS QJuasiparticle Mixer with 10 dB Coupled Gain, 198
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There nave bean no inventions or patonts dicolosures Jdurtin:
this Zrant year.
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